Among different natural and non-corrosive products paraffin wax and camel fat are selected as phase change materials (PCM). These PCMs are applied to glass, polyester/viscose and wool/polyester woven fabrics. To examine their efficacy, their thermal behavior in a condition similar to the actual end uses is measured. Chemical nature and thermal properties of the PCMs are measured by Fourier transform infrared spectroscope and differential scanning calorimeter. A relation based on the principle of heat transfer is used to determine the temperature of a thermometer covered by fabrics loaded with PCMs. A simple exponential relation explains the experimental results. For glass and polyester/viscose fabrics use of these PCMs leads to substantial delays in the temperature changes. The important parameters for the evaluation of the products are discussed.
Introduction
A phase change material (PCM) is a substance with a high heat of melting (latent heat) or a high specific heat capacity and it can be used for storing or releasing energy. Now organic and inorganic PCM products are commercially available for specific applications. Considerable number of books and papers are devoted to these subjects. A few are shown in the list of references [1] [2] [3] . In a review paper published in 2003 by Zalba et al. [3] about the energy storage with phase change materials, it is stated that the thermal energy storage in general and phase change materials (PCMs) in particular have been a main topic of research for the last 20 years. During the last few years PCMs have found many applications [1] . It is used for conditioning of buildings, storage of temperature sensitive materials, it is also used to keep the temperature of the electronic devices in the safe ranges of temperature variations and it is used to protect the human body from the sudden change of temperature during diverse activities. According to Farid et al. [2] there are commercial and scientific interests in the use of PCMs with polymeric materials such as textile fibers, foams and latexes. In order to show this diversity a number of the pertinent works, in chronological order, aiming to the use of PCMs in clothing follows.
Nuckols [4] was interested in thermal protection in extremely cold water and developed an analytical model of a diver's dry suit with micro encapsulated phase change materials. Using this model it was possible to determine the parameters of the suits for the suitable protection with PCMs. Hexadecane, octadecane and several commercial PCMs were compared. Shim et al. [5] used PCMs (octadecane and hexadecane) in polyurethane foam in clothing. One-and two-layer body suits were constructed of a fabric foam laminate produced with and without PCMs and heat loss from a thermal manikin was measured as it was moved from a warm chamber to a cold chamber and back again. It is found that PCMs in clothing provide a small temporary heating and cooling effect during environmental transients.
Kim and Cho [6] studied the thermal storage/release, durability and temperature sensing properties of thermostatic fabrics treated with octadecane-containing microcapsules. Microcapsules were applied to the fabrics using an acrylic binder. It was found that the treated fabrics become stiffer, less smooth and full. Hand properties were measured and wear trials with the treated and untreated garments were made in a conditioned environment that confirms the temperature sensing properties of the treated fabrics.
Zhang et al. [7] studied the effects of PCM contents on the temperature regulating properties of polypropylene nonwoven. Sheet-core polypropylene fibers with PCMs are produced and examined in heating and cooling cycles. A maximum of about 10 °C differences between control and samples containing PCMs were reported. Pause [8] introduced nonwoven protective garments; it is used for protection against hazardous waste gases, with thermo-regulating properties. In order to improve the wearing comfort of nonwoven protective garments, PCM was introduced into a thin polymer film and applied to the inner side of the fabric system via lamination. Ying et al. [9] studied thermal regulating properties of PCM garments. Numerical evaluation and experimental results show that during the phase change process the rate of temperature rise of garments with PCM was lower than without PCM. PCM add-on level has considerable effects on the rate of temperature changes. In another publication, Ying et al. [10] devised an apparatus and testing method to determine the indices showing the thermal regulating capability of PCM garments.
Ghali et al. [11] numerically and experimentally examined the effect of commercial PCM microcapsules incorporated into a 3-dimensional ventilation model. It is found that the presence of PCM causes a temporary heating effect when subjected to a sudden change from warm environment to a cold environment, after the initial transition PCM have no effect on the thermal performance of fabrics. The detailed properties of the PCMs used were not disclosed. Shin et al. [12, 13] developed a thermo regulating textile material with microencapsulated PCM. First, preparation and application of PCM microcapsules are examined [12] and then the performance properties and the role of fabrics treated is explained [13] . Melamine-formaldehyde microcapsules containing eicosane were prepared by in situ polymerization and applied to polyester knitted fabrics by conventional pad-dry-cure process. It was found that the treated fabrics retained 40% of their heat storage capacity after five launderings [13] .
Zhang et al. [14] studied the energy storage polymer/micro-PCMs blended chips and thermo-regulated fibers. Thermo-regulated sheet/core composite fibers containing 4-24% of microencapsulated n-octadecane (micro PCMs) were melt-spun at a relatively high speed (720 m/min). It was found that the spun fibers can be used for production of fabric materials.
Wang et al. [15] examined the effect of phase change material on the energy consumption of intelligent thermal-protective clothing. Low-ohmic resistance fabric heated up by low voltage electricity is used. A bionic simulated skin is examined at -15 °C and the temperature inside the skin is controlled at 33 °C. It is found that clothing assemblies with PCM can save around 30% of the consumed energy in the temperature control process.
Tan and Fok [16] designed and made a cooling helmet using a PCM for hot weather. It is believed that the cooling unit is able to provide comfort up to two hours when the PCM is completely melted.
In the relatively new field of electrospinning the use of PCMs are also examined. McCann et al. [17] introduced melt coaxial electro spinning system. A versatile method for encapsulation of solid materials and fabrication of phase change nanofibers is devised. The incorporation of PCM (polyethylene glycol) in electrospinning of cellulose acetate has been also examined by Chen et al. [18] and thermo-regulating ultra fine fibers have been successfully prepared.
As the above review shows, several methods for applying PCMs into fabrics are tested [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The information regarding the effects of the type and the properties of the fabric used are scarce. The aim of the present paper is to examine and discuss the effects of some environmentally-safe PCMs on the delay of the heat conduction of fabrics made from different fibers; glass, wool/polyester and polyester/viscose in a hot environment and its successive cooling to room temperature.
Results and discussion

Selection of Phase Change Materials (PCMs)
To choose a proper PCM the melting temperature and the latent heat of melting for several readily available and safe products are measured. Among several products paraffin wax and camel fat have relatively appropriate melting temperature and large amount of heat of melting; then these two products are used for further work. Figure  1 and 2 show the thermograms of the paraffin wax and camel fat respectively and in Table 1 the melting temperatures and the latent heats of melting are summarized. The DSC thermograms are shown in the temperature range of -20 to 100 °C. Paraffin wax shows double melting peaks at around 40 °C that is not considerably different from those reported in the literature [1, 19] . The values of the melting point and the latent heat of melting of paraffin wax used as PCM by Akgun et al. [19] Camel fat shows two prominent endothermic peaks, one around 9.1 °C and one at 50.2 °C. The peak at about 10 °C is often observed in natural fatty acids such as stearic acid, palmitic acid, myristic acid and lauric acid that have been considered as PCM [20] . The melting temperature of camel fat is very close to myristic acid (C 13 H 27 COOH) but the latent heat of melting is quite small, that could be due to the presence of impurities. Not many efforts have been made to analyze and identify the constituent of the camel fat, but generally these type of natural products have fatty acids as the main ingredients [1] . Fourier transform infrared spectra of paraffin wax and camel fat are shown in Figure  3 and 4 respectively. In Figure 3 , the carbon-hydrogen stretching absorption and bending band at 2940-2855 cm -1 and 1470 cm -1 , respectively; the symmetric carbonhydrogen bending band of the CH 3 group at 1380 cm -1 and the CH 2 rocking absorption at 725 cm -1 confirm the linear saturated aliphatic structure of the paraffin wax [21] .
For the camel fat, there are peaks at 1740 cm -1 and 1250-1000 cm -1 which are due to the carbonyl stretch band of un-conjugated ester and the stretch bands of the carbonoxygen single bond, respectively. The spectrum also shows the characteristic peaks of aliphatic straight chain. It can be concluded that the camel fat used has a saturated non-aromatic structure [21] . Figure 5 shows the behavior of the bare fabrics during the heating and cooling cycles. It seems that among different fabrics examined, the glass fiber fabric causes the least delay in the change of temperature and the wool/polyester fabric is the best insulator examined. This is an expected result because wool/polyester has the highest area-density. Figure 6 shows the effect of different PCMs loaded on polyester/ viscose fabric, on the rate of the change of temperature. It seems while camel fat act as effective PCM, paraffin wax have an adverse effect, when used with this fabrics. Figure 7 shows the effect of the two different PCMs on the rate of increase and decrease of temperature for the loaded glass fiber fabric. For glass fiber fabrics both paraffin wax and camel fat have a similar effect. The rate of the change of the temperature decreases with the use of PCMs. In Figure 9 the bare wool/polyester fabrics are compared with glass fiber fabric and polyester/viscose fabric loaded with PCMs. It seems that wool/polyester fabric alone can protect better than other fabrics with PCMs. In general it can be stated that in polyester/viscose and glass fiber fabric systems the positive effect of the presence of PCMs is clear. In heating cycle after about 10 minutes the temperature of the uncovered probe increases more than 10% while for fabric cover loaded with camel fat and paraffin wax the changes are considerably less than 10%. Effectiveness of the PCMs depends on the fabric type used.
Effectiveness of Fabrics and PCMs
The Rate of Temperature Change
We applied the Newton's law to determine the rate of the change of temperature with time during the exposure of the system to the heating cycle [22] . It is assumed that the rate of change of temperature is proportional to the temperature differences:
In Equation (1), t is the time (s.), s is the proportionality constant, T is the temperature of the thermometer and T h is the heated-chamber (oven) temperature in Kelvin (K). The temperature at the start of the test was set at room temperature (T r ), then at t=0, T= T r . Upon rearrangement and integration:
T= T h -(T h -T r ). Exp (-st)
Then the temperature of the probe can be shown by Equation (3) where the value of s depends on several factors such as the thickness, density, heat capacity and heat transfer coefficient of the covering. In any case the smaller values of s indicate slower temperature rise of the thermometer in heating cycles. Fabrics and PCMs showing a smaller value of s would be preferred in protecting the body against sudden changes in the temperature. Similar equation was used by Ying et al. [9, 10] to evaluate the performance of PCM garments.
In order to determine the effect of the number of layers (plies) of fabrics on the values of s, the three fabric samples were examined. The temperature of the oven was set and stabilized at 60 °C and the temperature of the thermometer covered with different number of plies of fabrics was determined. An equation in the form of Equation 3 was fitted to the experimental data; using computer software (Curve Expert) the value of s was calculated. The regression correlation coefficients in all cases were found to be greater than r = 0.98. Table 2 shows the values of s for one to four plies (layers) fabrics. Four plies wool/polyester fabrics have the lowest value of s and one layer glass fiber fabric has the largest value of s. In all three cases with the increase of number of layers the value of s decreases.
Tab. 2.
The values of "s" of multi-plies (layers) fabrics. In order to show the differences between the measured temperature and the regression equation, for the sake of brevity only the results for one ply polyester/viscose fabric is shown here. The regression equation is compared with the measured values in Figure 10 , the regression correlation coefficient is r = 0.99, that indicates a very good agreement. Having recognized that the value of s can be determined by this procedure, one ply of coated fabrics was examined and the value of s was calculated. [9, 10] ; the value of s can be used conveniently to show the effectiveness of fabrics and PCMs used in protecting against sudden temperature changes.
Experimental part
Materials and Methods
Specifications of the fabrics used in these works are shown in Table 4 . Sample No.1 was made from glass fibers that were often used for the protection of fire fighters and those exposed to an open fire. The samples No. 2 and 3 were used for costume dresses, the former contained 65% polyester (polyethylene terephthalate) and 35% viscose rayon, and the latter contained 80% wool. Paraffin wax and camel fat were used as PCM. Paraffin wax was a special product of Iranian Petrochemical Laboratories, it is known as industrial low melting point paraffin wax. Camel fat was supplied by a producer of animal protein products. It was a natural product and purified by suppliers. The specific amount of PCMs that were in waxy form at room temperature was spread over the fabrics by a blade. The amount of PCMs added to the fabrics was determined from the weight of the bare and the loaded fabrics. For all of the fabrics the add-on was 120%. This amount of PCM used was just enough to fill partly, the spaces between fibers. Upon heating and examining the fabrics visually, it was observed that PCMs did not seep out from the fabrics. Sample of fabrics were wound around the probe of the temperature measuring device. The temperature of the probe was stabilized at room temperature and then the probe with the fabric was placed in an oven that was stabilized at 50 °C. During the heating and cooling cycles, the temperatures were measured and automatically recorded at intervals of 2 s after placing the probe in the oven. To normalize the results of the temperature measurements the measured temperatures were then 
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The probe without any covering fabric was also examined. Figure 11 shows the experimental arrangements.
Measuring instruments
A diffrential scanning calorimeter (DSC), from PL DSC, Polymer Laboratories, Thermal Science Devision, England, was used for measuring thermal behavior of the PCM samples. FTIR spectrum of the samples were obtained using a Bruker Equinox 55 instrument, USA. For measuring the thermal behavior of the systems, a Lutron HT-3009 precision temperature and humidity measuring device, from Taiwan, was used.
